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Ethylene carbonateAbstract An organocatalytic protocol for the synthesis of dimethyl carbonate has been developed.
Under the catalysis of 5 mol% N-heterocyclic carbenes, ethylene carbonate undergoes transesteri-
ﬁcation reaction with methanol under very mild reaction conditions, producing dimethyl carbonate
with high efﬁciency. Furthermore, this N-heterocyclic carbene promoted transesteriﬁcation can be
scaled-up easily without lose of the conversion of dimethyl carbonate.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.D license.1. Introduction
N-heterocyclic carbenes (NHCs) have gained considerable
attention in the past decade, which have been applied broadly
in transition-metal-catalysis [1] as well as organocatalysis [2–5].
As an important type of nucleophilic organocatalyst, NHCs
can catalyze various reactions. In addition to the classical ben-
zoin reaction [6,7] and Stetter reaction [8–10], a variety of or-
ganic transformations such as homoenolate reactions [11–13],
redox reactions [14–16], formal cycloadditions [17–19], poly-
merization [20] and other reactions [21–23] can be catalyzedby NHCs. NHCs can also be utilized as highly efﬁcient nucle-
ophilic organocatalyst to catalyze transesteriﬁcations [24–26].
Dimethyl carbonate (DMC) is a non-toxic and environ-
mentally benign building block that is used as a safe substi-
tute for highly toxic phosgene, dimethyl sulfate and methyl
iodine in carbonylation and methylation reactions [27].
DMC can also be used as a raw material in the production
of polycarbonate resins [28] and owing to its high oxygen con-
tent, it can be used as a gasoline octane enhancer [29]. There-
fore, the development of efﬁcient and environmentally benign
methods for the production of DMC has attracted broad
attention in recent years [30]. Aside from the traditional phos-
genation route, oxy-carbonylation of methanol and carbonyl-
ation of methyl nitrite have been established for the
production of DMC. However, these routes suffer from the
usage of toxic gases (CO or NO) and the production of cor-
rosive hydrogen chloride (Scheme 1, Eqs. 1 and 2). The reac-
tion of CO2 with methanol provides another alternative
method for the preparation of DMC, but unfortunately, the
reaction is restricted by thermodynamics limitation and the
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Scheme 1 Typical synthesis routes of DMC.
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Based on the conversion of CO2, the transesteriﬁcation of cyc-
lic carbonates with methanol provides a more promising ap-
proach for the production of DMC [32] (Scheme 1, Eq. 4).
In the past decade, great efforts have been devoted to this
attractive process and numerous homogeneous as well as het-
erogeneous catalytic protocols have been developed [33–36].
However, some of these catalytic methods suffer from harsh
reaction conditions, long reaction time and relatively low con-
version or selectivity. Therefore, the development of efﬁcient
and environmentally benign catalytic approach for the reac-
tion is still of desirable. In line with our continuing interest
of NHCs catalysis, we proposed that NHCs can be used to
promote the transesteriﬁcation of cyclocarbonate with metha-
nol to produce DMC. In this paper, we would like to disclose
our preliminary results about this work.O O
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Scheme 2 Evalua2. Experimental part
2.1. Materials and physical measurements
Unless otherwise indicated, all reactions were conducted under
nitrogen atmosphere in oven-dried glassware with magnetic
stirring bar. GC–MS spectra were measured on an Agilent
7890A/5975C GC–MS spectrometer. All starting materials
were obtained from commercial supplies and used as received.
Solvents were puriﬁed by standard methods.
2.2. General Procedure for NHC-Catalyzed Transesteriﬁcation
Reaction of Ethylene Carbonate with alcohol
To a suspension of IMesÆHCl (18 mg, 0.05 mmol) in 1.0 mL anhy.
toluene was added tBuOK (6.0 mg, 0.05 mmol) under N2. AfterO
OMeMeO +
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N
N
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tion of NHCs.
Table 1 NHC catalyzed synthesis of DMC.a
O
OMeMeO +
O O
O
CH3OH OHOH+
NHCs, base
solvent, rt
Entry NHCs Solvent Yieldb
1 IMesÆHCl, Et3N (5 mol%) Et2O 52
2 IMesÆHCl, DBU (5 mol%) Et2O 55
3 IMesÆHCl, Cs2CO3 (5 mol%) Et2O 49
4 1, IPr (5 mol%) Toluene 79
5 IMesÆHCl, tBuOK (5 mol%) Toluene 86
6 ICyÆBF4,
tBuOK (5 mol%) Toluene 77
7 ItBuÆBF4,
tBuOK (5 mol%) Toluene 76
8 SIPrÆHCl, tBuOK (5 mol%) Toluene 81
9 SIMesÆHCl, tBuOK (5 mol%) Toluene 84
10 IMesÆHCl, tBuOK (5 mol%) THF 55
11 IMesÆHCl, DBU (5 mol%) CH2Cl2 78
12 IMesÆHCl, DBU (5 mol%) CH3CN 67
13 IMesÆHCl, tBuOK (1 mol%) Toluene 36
14c IMesÆHCl, tBuOK (5 mol%) Toluene 88
15d IMesÆHCl, tBuOK (5 mol%) Toluene 84
16c,e IMesÆHCl, tBuOK (5 mol%) Toluene 72
17c,f IMesÆHCl, tBuOK (5 mol%) Toluene 76
a Reaction conditions: EC (1.0 mmol), MeOH (3.0 mmol), solvent (1.0 mL), 5 mol% precatalyst, 5 mol% base, room temperature, 10.0 h.
b Determined by GC–MS analysis.
c Performed the reaction at 40 C.
d EC (30.0 mmol), MeOH (90.0 mmol), 2.5 mol% precatalyst, 2.5 mol% base, toluene (10.0 mL), room temperature, 20.0 h.
e Using 3.0 mmol ethanol instead of methanol.
f Using 3.0 mmol benzyl alcohol instead of methanol.
114 G.-F. Du et al.stirred for 30 min at room temperature, ethylene carbonate
(88.0 mg, 1.0 mmol) was added followed by anhy. methanol
(122.0 lL, 3.0 mmol). The reaction mixture was then stirred at
room temperature for 10 h. The solution was ﬁltered through a
short silica pad and the crude products were analyzed by GC–
MS. GC yield for methanol: 86%; GC–MS (EI): m/z 90 (M+),
75 (M+-CH3), 59 (M
+-CH3O), 45 (HCO2
+), 29 (CH3O
+), 15
(CH3
+). GC yield for ethanol: 72%; GC–MS (EI): m/z 118
(M+), 89 (M+-C2H5), 73 (M
+-C2H5O), 45 (C2H5O
+), 29
(C2H5
+). GC yield for benzyl alcohol: 76%; GC–MS (EI): m/z
242 (M+), 151 (M+-PhCH2), 135 (M
+-PhCH2O), 107 (PhCH2-
O+), 91 (PhCH2
+).
3. Results and discussion
Our study commenced with the evaluation of different types of
NHCs (Scheme 2). In the presence of catalytic quantity of 1,3-
bis(2,6-diisopropylphenyl)imidazol-2-ylidene (IPr, a stable
NHC) [37], the transesteriﬁcation between ethylene carbonate
(EC) andmethanol proceeded smoothly in diethyl ether at room
temperature, giving 57%GC conversion of DMC . Other types
of NHC precursors, including imidazolium, imidazolinium,
thiazolium and triazolium salts were also tested for the reaction.
Experimental results showed that NHCs generated from imi-
dazolium and imidazolinium salts can catalyze the reaction efﬁ-
ciently, but NHCs generated from the thiazolium or triazolium
salts only catalyze the reaction in very low efﬁciency.
Next, other reaction conditions were studied. Et3N, DBU
and Cs2CO3 can be utilized as suitable base to react with
NHC precursors to produce the corresponding NHCs in situ,
and no obvious difference was observed for the reaction(Table 1, entries 1–3). Surprisingly, when the transesteriﬁca-
tion reaction was conducted in toluene, the conversion of
DMC increased dramatically (Table 1, entry 4). IMes, ICy,
tIBu as well as SIPr and SIMes can also promote the reaction
efﬁciently in toluene (Table 1, entries 5–9). Other reaction
media such as THF, CH2Cl2 and CH3CN were also evaluated
and the reaction results indicated that toluene was the best
choice with respect to the conversion of DMC (Table 1, entries
10–12). Reducing catalyst loading to 1 mol% led to dramatic
decrease of the conversion of DMC (Table 1, entry 13). Per-
forming the reaction at 40 C, a slightly increase of the conver-
sion of DMC was observed (Table 1, entry 14). More
interestingly, the reaction can be scaled up easily without lose
of yield (Table 1, entry 15). Other alcohols such as ethanol and
benzyl alcohol were also competent candidates for these
transesteriﬁcations, producing the corresponding products in
good yield (Table 1, entries 16 and 17).
4. Conclusion
In summary, a NHC-catalyzed transesteriﬁcation reaction be-
tween EC and methanol has been demonstrated. The opera-
tionally simple conversion proceeds at extremely mild
conditions, which provide a novel protocol for the synthesis
of DMC. The immobilized NHC-catalyzed transesteriﬁcation
for the preparation of DMC and other dialkyl carbonates
are ongoing in our laboratory.
Acknowledgements
This work was supported by the Doctor Foundation of Bing-
tuan (No. 2011BB011), the Natural Science Foundation of
N-heterocyclic carbene catalyzed synthesis of dimethyl carbonate 115Shihezi university (No. 2011ZRKETD-04, 2012ZRKXJQ06,
2012ZRKXYQYD03) and The Key Laboratory for Green
Processing of Chemical Engineering of Xinjiang Bingtuan
(No. KF201302).
References
[1] S.D. Gonza´lez, N. Morion, S.P. Nolan, N-heterocyclic carbenes
in late transition metal catalysis, Chem. Rev. 109 (2009) 3612.
[2] D. Enders, O. Niemeier, A. Henseler, Organocatalysis by N-
heterocyclic carbenes, Chem. Rev. 107 (2007) 5606.
[3] N. Marion, S. Dı´ez-Gonza´lez, S.P. Nolan, N-heterocyclic
carbenes as organocatalysts, Angew. Chem., Int. Ed. 46 (2007)
2988.
[4] V. Nair, S. Vellalath, B.P. Babu, Recent advances in carbon–
carbon bond-forming reactions involving homoenolates
generated by NHC catalysis, Chem. Soc. Rev. 37 (2008) 2691.
[5] D. Enders, A. Grossmann, N-heterocyclic carbene catalyzed
domino reactions, Angew. Chem., Int. Ed. 51 (2012) 314–325.
[6] D. Enders, A. Grossmann, J. Fronert, G. Raabe, N-heterocyclic
carbene catalysed asymmetric cross-benzoin reactions of
heteroaromatic aldehydes with triﬂuoromethyl ketones, Chem.
Commun. 46 (2010) 6282–6284.
[7] D. Enders, A. Henseler, A direct intermolecular cross-benzoin
type reaction: N-heterocyclic carbene-catalyzed coupling of
aromatic aldehydes with triﬂuoromethyl ketones, Adv. Synth.
Catal. 351 (2009) 1749–1752.
[8] T. Jousseaume, N.E. Wurz, F. Glorius, Highly enantioselective
synthesis of a-amino acid derivatives by an NHC-catalyzed
intermolecular Stetter reaction, Angew. Chem., Int. Ed. 50
(2011) 1410–1414.
[9] X. Fang, X. Chen, Y.R. Chi, Enantioselective Stetter reactions
of enals and modiﬁed chalcones catalyzed by N-heterocyclic
carbenes, Angew. Chem., Int. Ed. 49 (2011) 11782–11785.
[10] D.A. DiRocco, T. Rovis, Catalytic asymmetric intermolecular
Stetter reaction of enals with nitroalkenes: enhancement of
catalytic efﬁciency through bifunctional additives, J. Am. Chem.
Soc. 133 (2011) 10402.
[11] X. Chen, X. Fang, Y.R. Chi, Cis-Enals in N-heterocyclic
carbene-catalyzed reactions: distinct stereoselectivity and
reactivity, Chem. Sci. 4 (2013) 2613–2618.
[12] D. Cohen, K.A. Scheidt, Cooperative lewis acid/N-heterocyclic
carbene catalysis, Chem. Sci. 3 (2012) 53–57.
[13] J. Mo, X. Chen, Y.R. Chi, Oxidative c-addition of enals to
triﬂuoromethyl ketones: enantioselectivity control via lewis acid/
N-heterocyclic carbene cooperative catalysis, J. Am. Chem. Soc.
134 (21) (2012) 8810–8813.
[14] D.A. DiRocco, T. Rovis, Catalytic asymmetric a-acylation of
tertiary amines mediated by a dual catalysis mode: N-
heterocyclic carbene and photoredox catalysis, J. Am. Chem.
Soc. 134 (2012) 8094–8097.
[15] Y. Zhao, Y. Tam, Y. Wang, Z. Li, J. Sun, N-heterocyclic
carbene-catalyzed internal redox reaction of alkynals: an
efﬁcient synthesis of allenoates, Org. Lett. 14 (6) (2012) 1398–
1401.
[16] X. Wang, X. Zou, G. Du, Z. Liu, B. Dai, Nucleophilic carbene-
catalyzed redox-esteriﬁcation reaction of a-halo-a, b-
unsaturated aldehyde, Tetrahedron 68 (2012) 6498–6503.
[17] T. Jian, L. He, C. Tang, S. Ye, N-heterocyclic carbene catalysis:
enantioselective formal [2+2] cycloaddition of ketenes and N-
sulﬁnylanilines, Angew. Chem., Int. Ed. 50 (2011) 9104–9107.
[18] X. Zhao, K. Ruhl, T. Rovis, N-heterocyclic-carbene-catalyzed
asymmetric oxidative hetero-Diels–Alder reactions with simplealiphatic aldehydes, Angew. Chem., Int. Ed. 49 (2012) 12496–
12499.
[19] L. Candish, D.W. Lupton, N-heterocyclic carbene-catalyzed
ireland-coates claisen rearrangement: synthesis of functionalized
b-lactones, J. Am. Chem. Soc. 135 (1) (2013) 58–61.
[20] M. Fe`vre, J. Pinaud, Y. Gnanou, J. Vignolle, D. Taton, N-
heterocyclic carbenes (NHCs) as organocatalysts and structural
components in metal-free polymer synthesis, Chem. Soc. Rev. 42
(2013) 2142–2172.
[21] J. Song, F. Gallou, J. Reeves, Z. Tan, Activation of TMSCN by
N-heterocyclic carbenes for facile cyanosilylation of carbonyl
compounds, J. Org. Chem. 71 (3) (2006) 1273–1276.
[22] J. Zhang, G.-F. Du, Y.-K. Xu, L. He, B. Dai, N-heterocyclic
carbene catalyzed cyanation reaction of carbonyl compounds
with ethyl cyanoformate and acetyl cyanide, Tetrahedron Lett.
52 (2011) 7153.
[23] G.-F. Du, L. He, C.-Z. Gu, B. Dai, N-heterocyclic carbene
catalyzed vinylogous aldol reaction of 2-(trimethylsilyloxy)furan
and aldehydes, Synlett (2010) 2513.
[24] G.A. Grasa, R.M. Kissling, S.P. Nolan, N-heterocyclic carbenes
as versatile nucleophilic catalysts for transesteriﬁcation/
acylation reactions, Org. Lett. 4 (2002) 3583.
[25] G.W. Nyce, J.A. Lamboy, E.F. Connor, R.M. Waymouth, J.L.
Hedrick, Expanding the catalytic activity of nucleophilic N-
heterocyclic carbenes for transesteriﬁcation reactions, Org. Lett.
4 (2002) 3587.
[26] G. Grasa, R. Singh, S.P. Nolan, Transesteriﬁcation/acylation
reactions catalyzed by molecular catalysts, Synthesis 7 (2004)
971–978.
[27] P. Tundo, M. Selva, The chemistry of dimethyl carbonate, Acc.
Chem. Res. 35 (2002) 706–716.
[28] P. Tundo, New developments in dimethyl carbonate chemistry,
Pure Appl. Chem. 73 (2001) 1117–1124.
[29] M.A. Pacheco, C.L. Marshall, Review of dimethyl carbonate
(DMC) manufacture and its characteristics as a fuel additive,
Energy Fuels 11 (1997) 2–29.
[30] D. Delledonne, F. Rivetti, U. Romano, Developments in the
production and application of dimethylcarbonate, Appl. Catal.
A 221 (2011) 241–251.
[31] S. Fang, K. Fujimoto, Direct synthesis of dimethyl carbonate
from carbon dioxide and methanol catalyzed by base, Appl.
Catal. A 142 (1996) L1–L3.
[32] J.F. Knifton, R.G. Duranleau, Ethylene glycol-dimethyl
carbonate cogeneration, J. Mol. Catal. 67 (1991) 389.
[33] S.R. Jagtap, M.D. Bhor, B.M. Bhanage, Synthesis of dimethyl
carbonate via transesteriﬁcation of ethylene carbonate with
methanol using poly-4-vinyl pyridine as a novel base catalyst,
Catal. Commun. 9 (2008) 1928–1931.
[34] Z. Yang, L.N. He, X.Y. Dou, S. Chanfreau, Dimethyl carbonate
synthesis catalyzed by DABCO-derived basic ionic liquids via
transesteriﬁcation of ethylene carbonate with methanol,
Tetrahedron Lett. 51 (2010) 2931–2934.
[35] G. Stoica, S. Abello´a, J.P. Ramı´rez, Na-dawsonite derived
aluminates for DMC production by transesteriﬁcation of
ethylene carbonate, Appl. Catal., A 365 (2009) 252–260.
[36] K.H. Kim, D.W. Kim, C.W. Kim, J.C. Koh, D.W. Park,
Synthesis of dimethyl carbonate from transesteriﬁcation of
ethylene carbonate with methanol using immobilized ionic
liquid on commercial silica, Korean J. Chem. Eng. 27 (5)
(2010) 1441–1445.
[37] A.J. Arduengo III, R. Krafczyk, R. Schmutzler, et al,
Imidazolylidenes, imidazolinylidenes and imidazolidines,
Tetrahedron 55 (51) (1999) 14523–14534.
